Test Structures for Rapid Prototyping of Gas and Pressure Sensors
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Abstract

A mult i-project ceramic substrate was used in developing
a gaSsensor and pressure Sensor, The ceramic substrate
contained 36 chips with six variants including sensors,
process control monitors, and an interconnect chip. The
gassensor is being developed as an air quality monitor
and the pressure gage as a barometer.

introduction

The purpose of this paper is to describe the devel opment
of two sensors using a multi-project ceramic substrate
approach to show how reliability problems are dealt at
the outset of the effort.

The sensors are being developed for use in the space
program. These sensors arc a part of an integrated

instrument set in support of environmental quality and
meteorological measurements.

Muti-project Ceramic Substrate

The multi-project ceramic substrate, show in Fig. 1,
contains 36 chips with six variants including the sensors,
process control and yield monitors, and interconnect chip
A higher magnified view of the six variants is shown in
Vig. 2. The substrate consists of eight layers including
twometal and dielectric layers, a via, resistor, and pad
layers. The chips were fabricated using screen printing
techniques similar to the procedures used to process

hybrid microelectronic thick-film co-fired ceramic
substrates [1].
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Figure 1 MI]Jti-project co-fired ceramic substrate 9.0
cm x 9,6 cm with a row of eectrical contacts shown at
the bottom.

“I"he chips, found on the substrate shown in Fig. 1, were
designed with six variants, The variants arc shown in
Fig. 2. The chips arc (a) prototype gas SENSOR C} |1,
(b) gas sensor TEST CHIP for gas sensor development,
(c) YIELD CHIP for pinhole detection between layers
and for via continuity tests, (d) Al PHACHIPisa
prototype pressure sensor, (€) PARAMETRIC chip for
measuring metal layer sheet and via resistances, and (f)
MUX chip for mounting two multiplexer circuits. The



TEST CHIP, was described at ICMTS 1996 {3} and was
used to establish the baseline response for the polypyrrole

gas sensing layers.
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Figurc 2. Six chips, 1.0 cm x 2.4 cm, found on the
substrate shown in Fig. 1,

Simplified Circuit Diagram

The two sensors developed on this project are viewed as
an interaction between the sensor heed with the surround
electronics.  An eguivalent circuit for the surround
electronicsis shown in Fig. 3 where the sensor resistor is
Ry.  Theextra resistors shown in the figure are

potentially reliability problems in that they can detract
from the sensor measurement.

The circuit, shown in Fig. 3, highlights several
measurements issues that occur in varying edges with the
two sensors under development.  The characteristic
feature of the circuitry is the presence of three nodes; a
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driven node, a virtual ground node anda ground node.
The interfering resistors are: the contact resistor, R, the

multiplexer (MUX) resistor, Ry,,x, the crosstalk
resistor, Reyogs. and the guard resistor, Reya -

The measurement of Ry follows from Ry = V/I. This
requires that R, be much smaller than Rx: this was

achieved by using Au or Pt electrodes. The MUX
resistance, which is between 100 to 1000 2, can be
neglected since it is smal compared with the input
impedance of the voltmeter, which exceeds 1M 2. The
Rcross resistance can be ignored when the third terminal

is grounded, Finally, the Rg,rqresistance can be

ignored because the low impedance of the ammeter
provides a low impedance path virtually grounds the
virtual ground node,
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Figure 3. Simplified three-ternlinal circuit for a sensor
denoted by R.

Gas sensor Development

The gas sensor is being developed as an air quality
monitor for the Space Shuttle, The approach consists of
fabricating an array of different polymers on a ceramic
substrate,  Each polymer has its own characteristic
response to gases, Gas identification is accomplished by
matching the response of the array to anunknown gasto
the prerecorded response of the array to a suit of known
gases [2].

The challenge in developing the gas sensor is found in the
deposition of an array of different polymers, the
elimination of the cross talk between the polymers,
elimination of pinholes between conducting layersin the
chips, reduction of the contact resistance well below the
film resistance, and developing water insoluble



insulators. The contact resistance is reduced by choosing
ametal such as Au for the electrodes. Pinholes between
conducting layer were eliminated by using special
processing and water insoluble insulators were designed
especialy for this application.

The development of the sensor chip is guided by the test
chip [3] which consists of a number of electrode
configurations as depicted in Fig. 4.

Figure 4. Gas sensor test chip consisting of 13 electrode
configurations found at the botton of the chip, Electrical
connections are made through the pads located at the top
of the chip.

The response of the gas sensor, shown in Fig, 3, indicates
(a) that the response is within 15 seconds of the onset of
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Figure 5. Typical gas sensor response for four sensors,
SO, S 1,S2,AndS3seeninFig. 4 exposed to methanol
(McO1 1), ethanol (FtO11) and propanol (PrOF 1) [3].

the gas exposure, (b) that thereis a difference in response
between the electrode configurations, and (c) that
baseline drifts must be accommodated, Thus, the

electronics is designed to measure the change in
resistance of the films and to track baseline drift.

The gas sensor circuitry, shown in Fig. 6, is designed to
measure filim resistance changes in the ppm (parts per
million) range, to eliminate cross talk between sensors,
and to minimize pin count. The architecture of the gas
sensor chip, shown in the shaded region of Fig. 6,
indicates that one side of cach sensor Rxi is connected to

a common node which is connected to the input terminal
of Op Amp U 1, The R¢ross 1S €liminated by grounding

the sensor nodes on either side of the sensor under test.
The ppm detection is achieved by nulling the VSEN
signal viaV I and amplifying it via Op Amp U2. The
signal isdigitized viaa 12-bit ADC.
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Figure 6. Gas sensor null and amplify circuit.
Pressure Sensor Development

The pressure sensor is being developed to measure the
pressure on Mars where the atmosphere is 95 percent
CO7 and varies from 1 to 20 mb over a temperature

range of -125 to 30°C. The approach consists of
measuring the current from the ionization gage which is
proportional to the gas density and hence the pressure at
a given aimosphere temperature.

The challenge in developing the pressure sensor is found
in measuring ion currents which are in the sub pA range,
in developing a sensor to withstand a hard landing of
80,000 g’s, and in determining the optimum size for the
ion chamber.
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The pressure gage, shown schematically in Fig 7,
consists of a1 -uCi Arm241 alpha source which ionizes
the gas inside the chamber. The positively ionized gasis
drifted to the cathode by an electric field resulting from a
5V potentia placcd between the anode and cathode. The
ion current is fed directly into an Op Amp.
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Figure 7.

Configuration of the alpha-particle gas-
pressure sensor where the distance between the anode and
cathodeis 1 [4].

Typical ion currents are shown in Fig. 8 where it is scen
that the ion current is proportional to pressure, Note that

the ion currents over the Martian pressure range are less
than 0.4 pA.
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Fig. 8. Pressure gage ion current dependence on pressure
where the gas in the chamber is N2 at room temperature

[4

in this effort the appropriatc height, H, asseenin Fig. 7
of the anode above the cathode is determined to find the

optimum performance for the chamber. in the
experiment, the Am-24 1 source wasraised (U}’) anti

lowered (DOWN) above the cathode, As seen in Fig.9,
the optimum height is about 5 mm for an air ambient at
room temperature. Further experiments are under way to
determine the optimum height for Martian pressures
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Figure 9. Pressure sensor response to height of Am-241
above the cathode.

The surround circuitry for the ion chamber isshown in
Fig.10. The ion chamber’s cathode is connected directly
to the input of Op Amp U | which has a very low input
current and offset voltage. A T-network [5], composed
of RI, R2, and R3, is used to amplify the input signal
which is feed into the input of Op Amp U2 which is a
follower with gain. The plus input to U2 contains a
Sailen-Key 1-117, low pass filter [6] which reduces the
random noise component of the ion current.
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Figure 10. Pressure sensor circuitry showing the T-
network is used to amplify the ion chamber current.




The circuitry is capable of measuring currents in the 10
fA range. The input to U 1 is guarded to maintain its 2
fA input current capability.

Conclusions

The development of the two sensors benefited from being
simultaneously fabricated on the same multi-project
substrate. This meant that the process control chips were
in common between the projects and common problems
such as pinholes and water soluble insulators were solved
jointly. The surround circuitry, though different, had a
common feature in the use of the third terminal to
eliminate certain unwanted effects by grounding the
ground node. In the case of the gas sensor, the third
terminal was used to eliminate cross talk between
sensors.  in the case of the pressure gage, the third
terminal was used to eliminate stray currents by guarding
the input to the input Op Amp.
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